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AFLP analysis of F, family generated by directional mating between wild
Portunus trituberculatus from Laizhou Bay and Zhoushan Island
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ABSTRACT Portunus trituberculatus is one of the most important fishery resources in China
because of its high commercial value. In recent years, it has suffered from overfishing and vari-
ous diseases, and the total resource of wild populations has decreased year by year. Considering

for this situation, it is necessary to study the genetic diversity and genetic linkage map of P.
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trituberculatus. In this study, maternal broodstock and paternal broodstock were sampled from
Laizhou Bay and Zhoushan Island wild population, respectively. Through directional mating (1
d X3%), they generated F, family. 63 individuals of F, family came from sisterhood intercross
between F, family and these broodstock were used as experiment materials. The AFLP analyses
showed that a total of 1 742 loci were produced,of which 417 loci were polymorphic, accounting
for 23.9%. In these polymorphic loci, there were 226 (accounting for 54. 2% of total segrega-
ting loci) loci segregating as 1 ¢ 1 Mendelian model while 31 (7. 4%) loci segregating as distort-
ed model. 128 loci (30. 7%) segregated as 3 : 1 model and the numbers of 32 (7. 7%) loci were
distortion bands. Additionally, several AFLP bands which segregated neither as 1 ¢ 1 nor as 3
: 1 were named with odd segregating loci. They were treated as non-segregating loci in order to
reduce the influence of statistical error. Genetic diversity index of the F, was 0. 130, and Shan-
non genetic diversity index was 0. 193. Analysis of distances showed that Nei’s genetic distance
of family with male parent and female parent were between 0. 064~0.111,0. 065 ~0. 107 re-
spectively. In the mean time, No63 individual was most distant from its male parent and No48
individual was most distant from its female parent. The main purpose of the study was to pro-
vide the technical support for genetic diversity analysis of wild populations or families and con-
struction of high density genetic linkage map of P. trituberculatus.
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=EWR T, Portunus trituberculatus FJ& B 74 Crustacea, T & H Decapoda, T2 #} Portunidae, B F
BB Portunus(BER% 197D, B—FM REDG B, A EKEBEW, ARMRK, HH) 2S5 5, B,
EERAREBREENBIVREZ ., BFER HTIERBEMSEHBENRKABELE, SR TENRERSE
AW PGS, IRPX—-BRFR . BFLEYRFE TSN =R TELTAYS EBES LA LT RMG
PEITHCHERITARGEERMESE 199D, Hd, "R FEREGEMI/ARESZEH, AL RE=HKK
TEFMIZEEPEEEFTMSRTEMMAE, 57 FARIic BB E R MR KRBT R, R, X =R 785
R HTT 0 TR R BB LER .

ST T EARELEEMREAR, HERHRBERMEUERMREHABRSE T EEEEEEM
(EMfgE5E 2006), MFEANBREEHESEN R TEEELFHRUAE PRENEES QTL Mg
BT ERRIE, WRELZHF FIRICHB T MAOEARE. AFLP 4 FHrid AR R — M2 78 PCR £ A Ml
RFLP fRid 26l ERHTH DNA SR8 ER . EAEZ5HFEE SR BETHR . EZHY 7% DNA B4, HA L
AT RHEEFFIHHER T HITHR SRS HEW) BN AT REEEWE BRESEEIN RS
ALK R B E MM A E U RENEMEFE(EA%% 2005, AM.7EREXSYWHEAH A
Y UF Penaeus japonicus . JL4NIE Xt #F Litopenaeus vannamei 1 B X} 8F Fenneropenaeus chinensis % iz
AFLP r FHRic SR BB L B R (0 =i iR T R G E S R B oT M ok WRIE . AL R A AFLP
S FARIEEORX Z PR BRSNS S IL B A B R 3 GRS &, 1L SO F. R Z R 4T AFLP 43 4F . ¥
HTRTZRRNBLZEMNKE, BIERA AFLP 4 FRric 8 =R 7B R 15 % 8BS ey el 70 38 H
RAEF AR STHE, o FARICH BT Fh B8 At

1 MEE5F*E

1.1 ##
2005 4F 8 A N=SER FEREME AR CR A INRFEM B bk 30 AR EME, BB S &M,
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AR K, AL (T LA 05 B H A, KB R AF . AAE L EF A2 B AR CR B #0108 5 B P Bkt A L
BR TAE ORI e AR, R & R 10 A%, #4718 X33 4%, KFE4L AMEFR F.AR
F., 2006 4F 8 AREMLAA—A FIREFRDHIEF & LRFARM EE, R 1 BN TAETHAEAX
Bl BAJE T 2007 4 4 A LAIEEH RRAKR. RETA L, S FRLASERE 90 HRREEILR—TKR
63 M EREARIEFEPR AR KEMRRREER BN KRENANEA KK 1. 5Sml Eppen-
dorf B RS JEE T —80 CHRIT,

1.2 HEH DNA R

# [H 4 DNA I 2 M Strauss(1989) B 75 B (BAE B BO AT . BU50 mg JLHRA TF 47501 pH 8.0 9 TE
ZopW R E A 10% SDS 25 pul BH RS . R/SMA 10 mg/ml i) RNase 2 pl,37°C#H4L 0.5 h 5§
A 20 ng/ml HEAE K 4 o, IBSHOE,55 CKRBHA I h ZBE. RS RMEB/AHMRE, TKZBEG
VER B BB FENAAS DNA, TE Z BB H s AR E BRI 4 S5, 7% DNA 8
FAWE 100ng/ml, —20°CHRAFHF .

1.3 AFLP 4&#f

£ Vos Z(1995) FEEm k. X%+ ,EcoR T M Mse I BRI ¥ A ¥) 8 . T4 DNA % 88 .DNA B4
B E MBI A&, IER LU R SHAYIBHARME EcoR L Ml Mse I 5|t EAETER, HARAWA
Solarbio A H] .
1.3.1 A B4 DNA Rtk kit

FEU) B 0 AR FE R 4 DNA 200ng, EcoR T (10U/pul) #1 Mse I (10U/ul) £ 0.5pl,10 X Buffer (Tango)
Sul, MABAE K E 40u1,37°CKE 3h.

HEHE R BV 28 20ul, EcoR T 4% 3k (50umol/1) 1ul, Mse T $#3k (5pumol/L) 1pl, T4 # 8 (5U/uD)
0. 2p1,10mU ATP 0. 5pl, 4K £ 25,1,22°C 12h,
1.3.2 P4 K B PCR 3 3%

By 18R E =Y 5ul, EOL1 T 1 5[4 (10pumol /L) 1. 5ul, MO2 B 1 3| # (10pmol/L) 1. 5ul, 10 X
PCR Buffer 5ul, MgCl, (25mmol/L) 3ul, Taq B (5U/pD) 0. 2p1, ANTP (2. Smmol/L) 441, 0 #8 4l K & 50ul,
PCR R W FH 94°C 2min;94°C 30s,56°C 30s,72°C 1min,20 cycles; 72°C ZE4# 5min.,

VEFEVED B8 S - Ty 3 #£1 AFLP By WEEEST M3 BES
P TE # 8 20 f5 5B 5l Table 1 Pre-selective primers and selective primers sequence used in AFLP analysis
PR, M 8% EcoR1 5[%,9 EcRI5Y FE (5" —3" MMseIé’pl% EF (5'—3)
. EcoR 1 primers Sequence (5'—3") se I primers Sequence (5'—3")
i;\f{;ﬁ é?ﬁ;ﬁ;ﬁi;ﬁ;ﬁ i) Eol GACTGCGTACCAATTCA Mo02 GATGAGTCCTGAGTAAC
%%%I %éﬂ éﬁiuﬁ%ﬁﬁiﬁg A GACTGCGTACCAATTCAAG 1 GATGAGTCCTGAGTAACAC
}i ﬁj  EcoR 1 Jﬁ % ‘ﬁ _ﬁ’l % B GACTGCGTACCAATTCACA 2 GATGAGTCCTGAGTAACAT
(IOymOl/L) 0. 1#1’ Mse I iﬂ‘; C GACTGCGTACCAATTCACT 3 GATGAGTCCTGAGTAACCT
%Iﬁ ‘3[ % (IOP.mOI/L) 0. 6“1, D GACTGCGTACCAATTCAGA 4 GATGAGTCCTGAGTAACGA
10 X PCR Buffer 2;11, MgClz E GACTGCGTACCAATTCAGT 5 GATGAGTCCTGAGTAACGT
(25mm01/L) 1 2;11, Taq Eﬁ F GACTGCGTACCAATTCATC 6 GATGAGTCCTGAGTAACTA
( 5U/y1 ) 0. 1“1’ ANTP G GACTGCGTACCAATTCATG 7 GATGAGTCCTGAGTAACTC
2. 5mmol/L)1. 6#1,11[]%%7]( H GACTGCGTACCAATTCAAC 8 GATGAGTCCTGAGTAACTG
9 GATGAGTCCTGAGTAACAA

F 20pul, PCR R R 2 % H
94°C Zmin- 94°C 305’ 65°C E%1“F,EcoRI%l%ﬁﬁkﬁﬁ)‘(?ﬂA*H%%yMseIQI%FﬁWﬁifﬂﬁi 1’9ﬁ%

30s,—0.7°C/cycle,72°C 1min,11 cycles;94°C 30s,56°C 30s,72°C 1min,22 cycles;4°C 15min,
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1.3.3 &Fpdx

Y Y@ 6 NN R A BB LA B E 0. 5 X TBE B vhik th X 60W ZHERFER Ik 0. 5h, &
BEJE UK 2h, SR 5 5 BR Merril 48(1979) (BE N 2L 3h) 46 I B 0k 7= 97
1.3.4 REHH

HF AFLP 5r Fhric R BRI, A KA R KEE LR AFEFBRIW . AWiC R, EHidh
“0”, ARIEFEAR KT Y HL I 2 B A B0 AT DA T 3R A A B DN R, DU T LUK B AL AR A B A, BEAR O B AR
ERGEHA RSB (R 2>, Hh, [ B 0T DL A ok A g M A 3L ] % 0 13, T 283 U] m) 43 ) g 2 e L it %
GiEE., RAETFRUERSBEBHNZFFLE SREE(P>0.0)RE/AE 1 18K 3: 1 458 ME.

* M Pop gene Version

s - F2 AFLPH B EEET
L322 MG HBEEMAE S '

Table 2 AFLP segregating loci types

R KANBREBHE g 7 7 moaakw FEERE e
(H), Shannon a’:g ﬁ (D, % 5I\ Type No ! ! F, segregation ratio  Broodstock gene type Loci type
R R A Vi A A Il
. Nt Nt
Nei’s BEGBER. REBEH 4p  gn e i Ae BB
%i—l‘ﬁ E WA NTSYS 2.1 Band Band Co-segregating loci
Boprxt 63 A MARR BAE g FF K 141 AaXaa sserincialil
AP EZELER, No band Band Male parent loci
v i X WA AAX o EALR
2 gﬁ% 5 ﬁ*ﬁ Band No band All band aa Non-segregating loci
b ot A
. . No band Band aa X AA

2.1 AFLP figfhir iR vy H® AW xH y S 43 B
2 1.1 KA 5 A Band Band No band Odd-segregating loci

. . g.c AL RN ﬂ/ﬂ]/n% f% %% ﬁﬁr%

35 Xﬂ- huir HH _'-7" % il % :/H\: No band No band Band

P 1 742 MR, BN

B AT A, BRMALHE 24 1% HP, A BERS B BN K 354 4, HY 3867 A B8
20.5% . FHBXMEPHETE 49. 8 ML THE ILINEEMA.BF 1. 1M FEEERIELHES
frs. Hb E3FIEAGYV UKL EMABREE N 184, ZEM AL 36.0%;:G4.GS S WAHE T H KK
ZEMAERDPYIR 94, BN AL H R 21 4% F1 18. 4% (F 3,

I BHEEUSIVASTREEESUAB . SHAAES.
SEREEAR TEREALEARTMEEEY
Table 3 The number and ratio of polymorphic and Mendelian segregation loci, and total segregation

loci amplified by 35 selective primer combinations in AFLP analysis

FMAEA EZA VIS ZEBLE LB (D & RIRBLA o TR IR E B (6D

Primer Number of poly- Ratio of Number of Ratio of #fi‘\iﬁi‘iﬁ
combinations mophic loci polymophic loci Mendelian loci Mendelian loci
A3 10 18.2 10 18.2 55
A4 16 37.2 11 25.6 43
A7 10 26.3 7 19.1 38
A8 14 30. 4 11 23.9 46
B1 15 28.8 12 23.1 52
BS 10 20.8 10 20.8 48
C2 10 23.2 7 16. 3 43
Cé 14 22.6 10 18.9 53
C9 12 19.4 8 12.9 62
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gR3
%l#ﬁ“éﬂé ZHALEH §?§{TL,'§'\'I:E1?'J(%) RN K i%ﬁ?ﬁiﬁtt%(%) o
Primer Number of poly- Ratio of Number of Ratio of Total loci

combinations mophic loci polymophic loci Mendelian loci Mendelian loci
D1 11 22.9 8 16.7 48
D3 11 24.4 9 20.0 45
D4 15 31. 2 14 29.2 48
D5 10 17.2 6 10.3 58
Ds 10 23.2 8 18.6 43
D8 13 23.6 11 20.0 55
El 12 21.8 10 18.2 55
E2 11 18.3 11 18.3 80
E3 18 36.0 17 34.0 50
E4 12 26.7 11 24. 4 45
E5 10 21. 3 10 21.3 47
E6 11 24. 4 10 22,2 45
E9 10 20. 4 9 18.4 49
F1 10 17.5 9 15.8 57
F8 10 18. 9 9 16.9 53
F9 11 18. 9 10 17.2 58
Gl 12 23.1 11 21.2 52
G2 12 25.5 10 21.3 47
G3 12 26,7 11 24. 4 45
G4 9 21.4 8 19. 4 42
G6 15 25.4 13 22.0 59
G8 9 18.4 8 16.3 49
H1 15 32.6 12 26.1 46
H3 12 22.2 10 18.5 54
Hb6 14 32.6 13 30.2 43
HS8 11 22.4 10 20.4 49

Bt Total 417 / 354 / 1742

FH Mean 11.9 24.1 10.1 20.5 49.8

2.1.2 ZBERH>BAE

AR, SRR AR R RN B RS B RER B LS8R 354 4, 11 B 53 B A0
B 226 A B BEAR S B AL A 115 AN, AR BB A 111 A, 4 B0 R A A BB 27, 6% 5 26. 6%, %
3+ BB 8 R ROGR I A 8, BB 128 AN, B2 AR SR 30. 7%,
2.1.3 BHSBERRETLE

AT AZEAMARD & 2 RBIE(P>0. 0585 63 MR B A, WME 1: 1 4EmERA N 31 4,2t
AEEA S BAL A 14 A AR B AL 17 4,40 B 5 2228 1 A8 B 3. 4/ 54 1% WBE 3 1 B MM S5
K32, HERMEEEN 7. 7%,

TEH UK B R BT PIRN R 5 ST B I B , B UL T AT 9 T 7 AR R T 45 % XU SE T B T A 4
PR A BB () L BOR 20 B A SRR N 58 20 B 47 A, TR LA BO0R 2, 3 SR R A R 40 B £
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BRGIT VBN TR .
2.2 it BN

FREGRBEEEN T 0.064~0.111 Z
fB], SR A B BE B A F 0.065~0.107 Z[A], &
k3 4, i1 Pop gene version 1. 32 #{4 & 8
HARZANERZ RN 0. 130, Shannon 8
¥R 0.193,

FIF NTSYS2. 1 #4x FR KA BEAR ST
RASGH (A 2),Nei’s BIEHE R, 48 54k
H5EAREG KRBT GRFER 0.111),63 54
X AFEGRRRITGRIEER 0. 107),

3 itig

3.1 RREESHE

A )RR 0 38T % 2 PR M AKOT B PP AL AR W TR
RO —ANEEWRHE, BEEZHEEKTESEYD
AR BE YU BE 7 S AR 7 R B U AH K (Oinwa
etal. 1994;%h 1% 2003), AL&d, =
BT B F R R F K Z 448 % Shannon
HBEAMESM A B BET =R B A
BRG] =/EFE
WEHRME AFLP W & R AL (EHESH
2006) , X R =R FEB X AL ELNIET.,
R E WL B AT AR B R 38 i A B AR5
B R A, MR EFRAMERRSE T -8R
HBGEEMEETHRE EFAALNAERK

MPpP, 10 20 30 40

B “M7RR marker; “Pi” 84, “Py " R AL A 2" B A B A
D R AR A Y B A e R NGRS R 4 B AL A7 AR A B
H R AR B AR

Note: “M” DNA marker; “P;”.and “P;” female and male brood-

stock respectively; “a” female segregating locus and “b” male seg-

“ 3

regating locus; “c” co-segregating locus; “d” non-segregating lo-

cus and “¢”

B1
Fig. 1

odd segregating locus
D8 S| YHEE =R TE PP AFLP ¥ 3 s ik B3
AFLP electrophoresis result of D8 primer combinations in

broodstock and F, generation of Portunus trituberculatus
F4 P P48 S 4kF0 63 BAKHY Nei’s(1972)

BEEERBUERY
Table 4 Genetic distances and identity indexes of P;, Py, No48 and No63

2008) , 5 v [ S K A 1% ) P P, 19 63
P, * % KX 0.891 0. 889 0. 908
P 0.109 * % % % 0. 894 0. 893
48 0.111 0.106 LR S 0. 880
63 0.092 0.107 0.120 LR
B £ 4R LU 4 S B B R L b L R
;

RS R S AR R

—
0.85

B 2

0.92
Coeffcient

EHRMTEET FAER 63 M IMERFEAR Nei’s BIZH B ) UPGMA B3

Fig.2 UPGMA dendrogram for 63 individuals and broodstock of P. trituberculatus based on Nei’s genetic distance
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BARAREZHAETRE- T ERENAL B F PARAQENERNESGZ FRGREFE WM 2
o FAPEVE IR IR . ARIEBAZBE B 447, Fo AR R AL B3 A% i) 38 4% R B B2 K (0. 109) , Boppenmaie 45 (1993) B 58
W, FE—EWEAEARNBGEREA, ZAMELRTE. DNA ZEHEFENRATFNFIERER
FEAHRA B T K, e e A 2 I 0 BE X A EE 4 22 32 B LS B R 45 1) 8 A R A L
SNE, RER 4,48 5MEE 63 S MEAS R BAMREEREY B EARAREER, X THRERNEY
BEERAR, HEARERHTIMERERVAEZRFIRREAT TH LN,

ZEM MO R HE B R ARG LR EHMERRANERSHZ — CEBLE 2007).
WAL ZELA LI 0. 30 £4 CHEE  1998), AP, X4 RF (1999 B T A B KR # #7<k
RREBRBAZSM AN 31.25% ., {7 EHE (2005 % 1 HXTHF 3 % 523% F F AT RAPD 434775 8
3 ANEEAR ) 2 A B A4 Bl 37.86%6.36.89% M1 33.01% . ALRLERELH, IR TERALEMAK
% 23. 990, M 2R T B X RBME SRR T HEF AR, R AR EKTHBEKFESR,

3.2 NEwmaE

B BEP SN EEN WS, RAYR L BEFENRR, BUA N EAYH WS S Z — (Sandler et al.
1957) 7Ei5 fi DNA 4> Fhric WA ST E T L EMEREEMEIEN TR T, 2 2 HAF LA A
HEEFEREEEZER P ERENEN. §ln, 4% k6 Oreochromis niloticus )i P EEHH
8.0% M SSR 5 AFLP R4 B #rid (Thomas et al. 1998) ; KFF¥EH WG Crassostrea gigas 0138 K & F 8 % 8
Bl $ AFLP 5 RAPD R 4> BARIC B HL B4 510 29. 0205 21. 2%0(P<C0. 05)(ZF  F%  2003) ; FLAY IR IF
S FARIC B T 2 B ARIT L B8 11. 5% (P<C0.05) (Pe’rez ez al.  2004) ;7§ 3% H X4 Penaeus(Litope-
naeus)vannamei TR BARC L HI R 4. 4% (Franklin et al.  2004), Xu %5 (199D AR ERSE D T
R BN ARBE XA B, 2 Frricwa B ERE SE S A £ R ME RS ER T ESA X, B EEm
TR B BRAE R TR EEHN 0 TARICMRIAE " EW 2B . Ly % (2000 03K 4 7 8 IR B 8 A 5 40
A R 53 BB e e A b B9 SR RN TR B 5 7 5 S R O AR ME R AR BR 2 TS LA . 5 Ah SER BRI R/ B
SN AFFHRIC B A R, A B R /N T BB RE R B AR KA B, B TE G b TR W S I R
MLREENFERTHSBERE., STALETHANREIBRAR B UREH TEEZEZIRZH, B A MM
FMNENEEAHEHERXueral. 1998), BRI T A 5] 1 BE i) 45 A0 B Wy 51 2 (6] T2 B B9 53 R 0B 4
(Aylife ezal. 1994) , HFE Y DNA E4AMAURBU AT B EFARIBUCEREIBEMA . ALR D HD
EARIC B R 7. 4% /N F R 29. 0%, S B AEAN 8. O IEFHHIE MO B LR TIEHEE.

3.3 AFLP > Firid Bl fEEgiE i

AR K 35 X AFLP s EMSI WA SN =R FEY W 34 AN FERE R BN EAR P
HEMFIHmE 0. 1AM R, EREEMEISHE T, PG PRSI E 9. 3 ML X 8F Parali-
chthys olivaceus(Maria et al. 2003)FHE/XB| 424 5.5 M a; PRSI EH B8 r=4E 8.5 LS
G, Bl R RN FLE W Chlamys farreri(Li etal. 2005), 32 X545 5 545 7 &, F
BIEX 514 17. 0 N AN A . F B (2006) 1A ki H 45 % B 18 15 7% 90 B AR 10 308 78 400~1 000,
%40 2 g 4F Penaeus monodon (Wilson et al.  2002), BR ¥ 85 Dicentrarchus labrax (Chistiakov et al.
2005)%%, & EBELE AR IC BT AR, MBS PR AR E QTL BN EATR, Fitk, fEA LKA
Bl B 0T DLE & M3 AFLP SN 5I WA S X2 FARICMERE - S HESEEN =R T BRLE
BREE I XA QTL 3 s B f .

AT AH AFLP 4> FARic s 07 7 =58 78 2 ) 32 B0 F, RE RS SREIFBAE T M H AFLP &
Frrio B E MBS M AT, BN UGHWE =R T B S E E NSRS S EIET F A R =R 8
B4 FAric B E fh TAE.
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